The variability of pelvic arterial anatomy has led to anatomic descriptions based on cadaveric specimens, computed tomography (CT) angiography, and digital subtraction angiography (DSA) [1e3] . This has been especially relevant in prostate artery embolization (PAE), an emerging therapy for lower urinary tract symptoms (LUTS) in men with benign prostatic hyperplasia (BPH) [4e8] . In certain patients, PAE has served as a minimally invasive alternative to more standard surgical options, such as transurethral resection of prostate (TURP) and open prostatectomy. PAE offers a more preferable safety profile with minimal adverse effects, such as a decreased risk of sexual dysfunction when compared to TURP [4] . Although the indications for PAE have not been uniformly standardized, it has been offered for patients with medication-refractory severe LUTS [4e6], with prostates !80 g in which surgery carries perioperative risk [7] , with chronic urinary retention [8] , or with refractory hematuria of prostatic origin [9] . Contraindications to PAE vary among institutions, but include neurogenic bladder disease and active urinary tract infection [10] .
The procedure is performed via transfemoral or transradial access to cannulate the PA and perform bland embolization. Thus, familiarity with variable PA anatomy is paramount to a successful procedure. The PA must also be evaluated for collateral branches to avoid nontarget embolization to the penis, bladder, and rectum. Coil embolization of collateral vessels supplying adjacent organs is often necessary for safe PA embolization [11] .
De Assis et al [3] proposed an angiographic classification system for pelvic arterial anatomy based on the variable branching patterns of the inferior vesical artery (IVA) with the presumption that the PA arises from the IVA. The 4 most common origins in the classification include a common trunk with the superior vesical artery (Figure 1 ), anterior division of the internal iliac artery (IIA) (Figure 2 ), internal pudendal artery (IPA) (Figure 3) , and obturator artery (OA) (Figure 4 ). The fifth classification included atypical or rare origins. This pictorial essay demonstrates atypical variations in PA origin and scenarios where coil embolization of the collateral branches was used to prevent nontarget embolization.
Atypical Origins of the PA

Terminal Internal Pudendal Origin
The PA can arise as a terminal branch of the IPA, as shown in Figure 5 . In cases in which no typical PA is identified and there is a terminal branch of the IPA directed superiorly, this branch may supply the prostate. This may lead to challenges in subselective catheterization and catheter placement in an ideal location to perform embolization. Both cases with this type of presentation lead to filling multiple collaterals (mostly bladder and rectal) toward the end of embolization. This should be a consideration while performing embolization of these vessels. In addition, reflux of embolic particles during embolization is a concern due to the high risk of nontarget embolization of penile vasculature.
Accessory Obturator Origin
Another variant origin of the PA arises from the accessory OA (AOA), which itself arises from the external IA (EIA) ( Figure 6 ). When the OA is not identified on DSA of the IIA, we have termed this appearance the ''empty pelvis sign'' [12] . This sign warrants evaluation for an AOA as a branch of the EIA. The patient in Figure 6 provides an example of how the pelvic arterial anatomy can vary between pelvic sides. In this patient, although the AOA arises from the EIA bilaterally, the PA arises from the AOA only on the left side but has a more typical branching pattern on the right, arising from the IVA. Additionally, Figure 6C shows significant crossfiling of the right PA from the left PA. This allows for nearly complete embolization of the prostate from one side but can make identification of the contralateral PA difficult once the vessel is embolized [13] .
Direct origin from the IIA
The PA may arise independently from the IIA without association with other vessels. Figure 7 shows a patient with a left PA arising directly from the IIA at a common origin with the anterior and posterior divisions of the IIA. Orthogonal oblique DSA of the IIA allowed the PA to be seen in profile, allowing for easier cannulation.
Atypical Appearance of the PA
In addition to atypical origins of the PA, the anatomy of the PA itself (apart from the origin) may be atypical. The branches that arise from the PA to supply the prostate are usually small and occur at the margin and within the gland. In a subset of patients, the proximal bifurcation of the PA gives rise to 2 vessels, independently supplying the superior and inferior gland ( Figure 8 ). Each of these branches should be selectively catheterized and embolized. Figure 9 presents a patient who had what appeared to be a typical origin of the left PA when performing DSA from the IIA. However, on subselective angiogram, this branch was seen to supply the rectum only. Further angiograms and review of the images did not show a PA, but multiple small branches were seen arising from the OA that supplied the left hemiprostate. One explanation for this finding is neovascularity secondary to occlusion of the PA from chronic smoking.
Neovascularization of the Prostate
Asymmetric Caliber of the PA
Most commonly, the PA is seen arising as a branch of the IVA, and as discussed above, the IVA itself has a variable branching pattern. Figure 10 demonstrates potential branching patterns of the PA, and marked asymmetry in the size of the left and right PAs that correlates with the asymmetrically enlarged central gland of the prostate. Bilateral embolization was still performed, but the knowledge of asymmetric prostatic lobesdand hence the caliber of the vesselsdis a useful predictor of these scenarios. These presentations are much more common in patients who have had previous TURP or other surgical interventions. Figure 5A demonstrates significantly asymmetric right and left prostatic lobes on magnetic resonance imaging and the corresponding asymmetric prostate vasculature. The left PA, arising from the AOA, is the dominant and only supply to both lobes of the prostate. 
Coil Embolization of Collateral Branches to Other Pelvic Organs
It is not uncommon to identify collateral vessels arising from the PA that supply nearby pelvic organs. If not properly protected, nontarget embolization of these vessels can lead to erectile dysfunction, depigmentation or necrosis of portions of the penis, bladder wall infarction, pubic bone ischemia, and rectal ulceration [3, 7, 14] . Due to the rich network of collaterals that supplies these organs, coil embolization can be safely used to prevent nontarget embolization [9] . Operator judgment before coil embolization is always paramount as each situation is unique. The methods used to protect these vascular beds can vary according to whether the collaterals are intraprostatic or extraprostatic, and the risk of distal embolization. Cone beam CT (CBCT), whenever available, can be an additional tool to confirm the presence of potential nontarget vasculature and to determine if coil embolization is needed [11, 15] .
The risk of nontarget embolization of other pelvic viscera has been reported to increase with the use of smaller embolic agents [16] . Gonçalves et al [16] reported that the use of 100-300-mm microspheres was associated with a marginally significant increase in adverse events (including nontarget embolization), but no significant improvement in clinical outcomes when compared with embolization with 300-500-mm microspheres. Unless patient anatomy dictates the use of smaller embolic agents, we have consistently found 300-500-mm microspheres to be the safest size for minimizing the risk of nontarget embolization.
Bladder
One of the more frequent collateral pathways feeds the bladder wall, as shown in Figure 11 . Coil embolization is particularly important if the microcatheter cannot be advanced beyond the collateral vessel. In this instance, the collateral vesical branch should be coiled. Subsequently, Figure 6 . A 68-year-old man with lower urinary tract symptoms and benign prostatic hyperplasia status post-transurethral resection of prostate 4 years prior. (A) Digital subtraction angiography of the left internal iliac artery shows the superior vesical artery (black arrow), inferior vesical artery (white arrow), and internal pudendal artery (dashed black arrow). Note that the obturator artery is not seen. (B) Digital subtraction angiography of the left external iliac artery shows a common trunk supplying the inferior epigastric artery (black arrow) and obturator artery (white arrow). The prostate artery (dashed black arrow) arises from the obturator artery. (C) Digital subtraction angiography through a microcatheter in the left prostate artery confirms supply to the prostate but also demonstrates crossfilling into the right hemiprostate. After embolizing the left prostate artery with 10 cm 3 of 300-500-mm Embosphere Microspheres (Merit Medical Systems, Inc, South Jordan, UT), the right prostate artery (not shown) required only 1 cm 3 of embolic material to achieve stasis. embolization can be performed in the PA proximal to the collateral vesical branch. Embolizing the PA proximal to the vesical branch without coil protection risks nontarget embolization and ischemia of the bladder wall, a complication of PAE that has been reported in 2 patients, 1 of whom required surgical resection [5, 8] .
The distal progression of embolic particles in PAE is more dependent on the pressure built during injection of microspheres than the forward flow of blood within the arteries. This increases the likelihood of reflux and warrants increased diligence during embolization. In certain cases, the microcatheter can only be advanced a short distance past the vesical branch. Because of the concern of reflux into the vesical branch if embolization proceeds from this location, the vesical branch should be coiled to prevent nontarget embolization.
Rectum
Similarly, collateral supply from the PA is often seen to the rectum. Figure 12 illustrates a case in a patient with 7 years of LUTS refractory to medication. On CBCT, a branch of the PA feeding the rectum was noted. Coil embolization of the rectal branches allowed for safe microsphere embolization of the prostate [9] . Postprocedurally, the patient experienced 1 week of dysuria, hematuria, and hematospermia that all resolved independently. Moreira et al [17] previously reported shallow ischemic rectal ulcerations measuring 3-5 mm in a patient treated with PAE. These ulcers were managed conservatively and showed spontaneous healing on endoscopic evaluation 10 days later. A large case series also reported 5 of 255 patients with blood in the stool in the days after PAE procedure that resolved without any treatment [18] . We have previously reported that of the 13 rectal arteries coiled in our experience, none experienced blood in the stool or rectal pain [11] .
Accessory Pudendal or Corpora Cavernosa
In our experience, the primary motivating factor for many patients to undergo PAE rather than surgery is the preservation of sexual function. As such, to maintain penile perfusion, special care must be taken to avoid nontarget embolization of collateral arteries to the penis ( Figure 13 ). In these cases, proper placement of a microcoil is critical: far distal placement can compromise the penile blood supply and result in erectile dysfunction. Conversely, excessively proximal placement of the coil can compromise the efficacy of PAE by occluding the PA and decreasing or preventing microsphere delivery to the prostatic branches [11] .
An accessory pudendal artery is seen in approximately 3% of men [1] . As this artery provides unilateral or bilateral supply to the corpora cavernosa, knowledge of this variant and extra caution during an embolization procedure is important. As with the other anatomical variants discussed, coil protection should be considered in patients with communications between the PA and an accessory pudendal artery.
Collateralization between branches of the IIA is demonstrated in Figure 10 . This patient had no distinct PA and had multiple small prostatic branches arising from the OA. In order to thoroughly embolize all the branches supplying the prostate, proximal embolization would be required. However, this would result in nontarget embolization via the distal branches of the OA. Therefore, the terminal branches of the OA were coiled and proximal particle embolization was safely performed. Further subselective injection of 1 of the branches supplying the prostate showed an anastomosis with the IPA. To protect the penile branch arising from the IPA, this anastomosis was also coil embolized and distal intraprostatic microsphere embolization was performed. Figure 14 demonstrates the anatomy found in a 63-yearold patient with a 3-year history of LUTS secondary to BPH and refractory to TURP. DSA of an intraprostatic segment of the PA demonstrated a collateral branch supplying the penile vasculature. This communication was subsequently coiled. The only postprocedural event the patient experienced was dizziness. The patient's urinary stream, frequency, nocturia, and urgency improved.
Intraprostatic Collateral
Conclusions
PAE is a technically challenging procedure due to variable pelvic arterial anatomy that can make the small caliber PA difficult to identify and cannulate. Further, extensive collateralization among the pelvic organs can lead to nontarget embolization. Knowledge of variant anatomy, branching patterns, and when and where to deploy coils to prevent nontarget embolization can help to optimize procedure time, and reduce radiation exposure and contrast load.
